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Introduction
Acute myeloid leukemia (AML) is characterized by the uncontrolled proliferation of hematopoietic myeloid cells that are blocked at different stages of maturation. This dysregulation can affect the granulocytic, monocytic, erythrocytic or megaryocytic differentiation pathways 1 . AML cells accumulate in the bone marrow, leading to impaired hematopoiesis, which results in thrombopenia, lymphopenia and anemia. The leukemic cells also invade the blood and non-lymphoid organs. The C1498 mouse model has been used for decades as a model for acute leukemia since cancer cells were isolated from a leukemic 10-month-old C57BL/6 (H-2 b ) female mouse in 1941. The literature describes the invasion into the blood, hematopoietic organs (e.g., the spleen and lymph nodes) and non-hematopoietic organs (e.g., the liver, lungs, ovaries, and kidneys) by highly proliferative C1498 cells after they were injected via an intravenous, subcutaneous or intra-peritoneal route into susceptible mice .
Intracellular staining
1. Prepare fixation buffer by adding 125 ml of a 4% paraformaldehyde (PFA) solution to 375 ml of PBS solution. NOTE: To prepare 500 ml of 4% PFA, heat 400 ml of PBS solution to approximately 60 °C on a stir plate in a ventilated hood. Add 20 g of PFA powder, and raise the pH until the PFA is dissolved. Allow the solution to cool, adjust the pH to 6.9, and make up the volume to 500 ml with PBS. 2. Prepare the permeabilizing buffer by adding 0.5 g of saponin and 0.5 g of BSA to 500 ml of PBS solution. 3. Adjust the harvested cells in FACs buffer to 10 7 cells/ml and distribute 10 6 of the cells (100 µl) for each staining experiment into flow cytometry tubes. Centrifuge the cells at 350 x g for 5 min, and remove the supernatant. 4 . Fix the cells in 200 µl of 1% PFA solution and incubate for 10 min at 4 °C. 5. Add 2 ml of permeabilizing buffer to each tube, centrifuge the tubes at 350 x g for 5 min, and remove the supernatant by pipetting. Add 100 µl of permeabilizing buffer to each tube. 6. Label the cells with 100 µl of the following antibodies or their corresponding isotype controls after diluting them in permeabilizing buffer: anti-CD3 (2)/anti-CD8 (1), anti-CD3 (3)/anti-CD4 (2), anti-CD107b and anti-CD3 (3)/anti-TCRVβ. 7. Incubate the cells at 4 °C for 30 min. 8. Wash the cells twice by adding 2 ml of permeabilizing buffer to each tube. Centrifuge the tubes at 350 x g for 5 min, and remove the supernatant. 9. Add 100 µl of permeabilizing buffer to the cells. Proceed to secondary staining by adding 100 µl of fluorescent streptavidin diluted in permeabilizing buffer to biotinylated-conjugated antibodies. Incubate the tubes at 4 °C for 30 min. 10. Add 2 ml of permeabilizing buffer to each tube, centrifuge the tubes at 350 x g for 5 min, and remove the supernatant. Repeat this step one more time. 11. Resuspend the cells in 500 µl of cold PBS, and then place the cells on ice in the dark. Analyze the results using a flow cytometer 2) into a microcentrifuge tube, and add PBS/1 mM EDTA solution until the solution volume is 500 µl. Carefully layer 500 µl of separating solution under the solution containing the blood using a 30G needle and a 1 ml syringe. Do not mix the blood and the separating solution. 3. Centrifuge the tubes at 800 x g (without brake) for 20 min at RT. After centrifugation, collect the cellular ring (the opaque white layer) using a pipette. Transfer the cells to a microcentrifuge tube. NOTE: The opaque white layer contains lymphocytes as well as monocytes and appears between the lower layer -the separating solution -and the upper layer. 4. Add 1 ml of PBS solution, and centrifuge the tube at 350 x g for 10 min. Resuspend the cells in 600 µl of FACs buffer. 5. Add 10 µg/ml of purified anti-CD16/32 antibodies and distribute 100 µl of the cell suspension into six separate tubes (100 µl each). 7. Esterase activity assays using bone marrow cells 1. To perform the bone marrow esterase cytochemistry assays, proceed from steps 1.5 to 1.5.3.7.
8. May-Grünwald Giemsa staining of bone marrow cells 1. To stain bone marrow cells, follow the protocol described in section 1.6, but in step 1.6.1, incubate the slides in May-Grünwald solution for 5 min.
Representative Results
To characterize the C1498 mouse model, we proceeded with two major steps. First, the C1498 cells were characterized to determine their hematopoietic lineage and maturation stage in vitro (Figure 1) . These cells were then injected into congenic mice, and the nature of the induced leukemic disease was assessed to determine different features: leukemic cell infiltration, their phenotype, a quantification of the hematopoietic cells (mature and progenitors/precursors) in bone marrow, the frequencies of C1498 cells and mature hematopoietic cells in the blood and an evaluation of organ swelling (in the spleen, liver, and lungs) and cellular composition.
To characterize the C1498 cell phenotypes in vitro, the cells were labeled with antibodies directed against molecules that are expressed by hematopoietic precursors and mature cells ( Table 1) , and the results were analyzed using flow cytometry. The C1498 cells were positive for cell surface expression of Mac-1 (CD11b/CD18) (# 7%), B220 (> 25%), and they displayed intracellular expression of CD3ε, T-Cell Receptor (TCR) Vβ chains and Mac-3 (Figures 2A and B) . The cells were negative for the cell surface markers Ly6G, Ly6C, CD115, CD21/CD35, CD19, CD3, CD4, CD8, NK1.1, and pan-NK molecules and for the intracellular expression of CD4 and CD8 (data not shown). They were then examined for markers of hematopoietic stem cells and progenitors ( Table 1) . They were also negative for cell surface expression of CD117, CD34, Sca-1, CD150 and CD16/32 (data not shown). These leukemic cells were then tested to determine the expression of adhesion, antigen presentation and co-stimulatory molecules. The cells expressed the surface markers LFA-1 (CD11a/CD18), CD44, CD31 (PECAM-1), and H-2D b and were negative for MHC class II, CD80, CD86 and CD274 (data not shown). C1498 cells therefore expressed both myeloid (Mac-1, Mac-3) and lymphoid markers (B220, CD3, TCR).
To better characterize their hematopoietic lineage, myeloperoxidase expression was assessed using immunofluorescence microscopy. All of the cells were positive for the myeloperoxidase, which verified their myeloid origin ( Figure 3A) . A majority of the cells also stained positive for α-naphthyl butyrate esterases ( Figure 3B , left panel), and some of them stained for the naphthol AS-D chloroacetate esterases (black arrows) ( Figure 3B, right panel) . The results indicate that the cells contained mixtures of monocytic and granulocytic cells. After May-Grünwald Giemsa staining was performed, the C1498 cells were observed to display a blast-like morphology with a high nucleo-cytoplasmic ratio, 3 to 5 nucleoli in the nucleus, a perinuclear halo, numerous vacuoles and a basophilic cytoplasm ( Figure 3C) . Thus, the C1498 cell line is composed of monoblasts and myeloblasts.
The C1498 cells (CD45.2 + ) were then intravenously injected into CD45.1 + mice. The mice succumbed 17 to 19 days after the cells were injected. These mice were sacrificed so that their leukemia type could be analyzed before they died from the disease. The control mice, which were injected with PBS, were analyzed at the same time points for comparison. The To determine whether medullary hematopoietic cells numbers were lower following leukemic cells invasion, CD45.2 + C1498 cells, B lymphocytic, monocytic and granulocytic populations (including progenitors, precursors and mature cells), were quantified using immunofluorescent staining and multi-parametric flow cytometry analysis. Leukemic cells represented 16 to 36% of the hematopoietic cells (data not shown). The other cell types were all present in significantly lower numbers in the C1498-injected mice than in the PBS-injected mice (by 5-fold on average for B cell subsets, 4-fold on average for granulocytic cells and 3-fold on average for monocytic subsets) (Figure 5A to C ).
An investigation of the frequencies of mononuclear cells in leukemic and control mouse blood samples showed that they contained a comparable percentage of lymphocytes ( Figure 6A ) but a higher frequency of monocytic and leukemic cells. These characteristics are representative of acute myelomonocytic leukemia 11 ( Figure 6B ).
Among the other features of acute myelomonocytic leukemia 12 , the C1498-injected mice presented with swollen livers (hepatomegaly), lungs and spleens (splenomegaly) (Figure 7A ). Various frequencies of CD45.2 + C1498 cells were detected in these organs using immunofluorescent staining and flow cytometry analysis ( Figure 7B) . As splenomegaly can result from high numbers of infiltrated monocytes, we also estimated the proportions of splenic populations. The numbers of cells in the B lymphocytic, monocytic and granulocytic cell fractions were significantly larger, by an average of 2-fold, 2.5-fold and 3-fold, respectively, in leukemic spleens than in control spleens ( Figure 7C ). 
Discussion
In previous studies, the C1498 cell line was described as an inducer of acute granulocytic 5 , myelomonocytic 6 or NKT 7 cell leukemia. However, demonstrative data in the literature were either absent or incomplete. The protocol presented here uses different techniques, such as flow cytometry, immunofluorescence, MGG staining and cytochemical assays, to characterize cultured C1498 cells and to determine the nature of the leukemia that is induced in mice after they are injected.
When we phenotyped in vitro cultured C1498 cells after immunostaining and flow cytometry analyses were performed, we observed some limitations because these cells expressed few cell surface hematopoietic markers that have been previously described in the literature 6, 7 . In agreement with our results, Labelle et al. did not observe the cell surface expression of mature TCR on C1498 cells using flow cytometry staining. However, they considered them to be a NKT cell line after they detected CD3ε and TCRVβ8.2 mRNAs 7 . We also observed the intracellular expression of TCRVβ chains and CD3ε molecules in most of the cells (> 70%), but their hematopoietic lineages could not be determined because there was also concomitant intracellular expression of the Mac-3 molecule.
Myeloperoxidase, MGG staining and assessments to analyze functional esterases using cytochemistry demonstrated that the C1498 cell line had a myeloid origin and was composed of monoblasts and myeloblasts. These results were concordant with the percentage of Mac-3 + cells that were obtained in flow cytometry staining analysis. Although not quantitative, these steps represent key experiments to be performed. Indeed, they remain, so far, the best existing methods for characterizing the lineage and differentiation stage of hematopoietic cells that express no or few specific phenotypic markers.
Flow cytometry staining was helpful for demonstrating the development of acute leukemia in congenic mice after C1498 cells were intravenously injected. The CD45.2 + C1498 cells that infiltrated into the peripheral blood and various organs were isolated, and their frequencies were determined.
Quantification was also performed to analyze inherent medullary and splenic cells after immunophenotyping. Limitations were encountered when the C1498 cell phenotype was examined in organs as they expressed few hematopoietic markers (only a few of them were B220 + ). To define the nature of the observed acute leukemia, May-Grünwald Giemsa staining and an analysis of the activities of monocytic and granulocytic esterases were performed using bone marrow. The results showed that C1498 cells preserved their myeloblastic and monoblastic morphology and function, revealing the onset of myelomonocytic leukemia.
In consideration for the critical steps described in this protocol, particular attention should be given to pH when performing cytochemical reactions and MGG staining because errors in pH can lead to incorrect interpretations of results. For instance, α-naphthyl butyrate esterase activity is specific to monocytic cells only at a pH of 6.0 because granulocytes and lymphocytes can also stain positive for this test at higher pH values. Fixating the cells is not recommended before performing MGG staining, and we showed that only CAF fixation provided satisfactory results when performing esterases cytochemical reactions using C1498 cells. To preserve the expression of the CD115 molecule and its detection by flow cytometry, all of the samples (e.g., blood, bone marrow, and spleen cells) should be kept on ice during the procedure. If no staining is observed in flow cytometry or/and immunofluorescence experiments, the reference of the antibodies, their storage recommendations and their dilutions should be checked. The references specified in the materials/equipment table have been selected for flow cytometry or immunofluorescence applications. The primary/secondary antibodies or their conjugated fluorophores might have lost their activity due to inappropriate storage (e.g., exposure to light or heat), improper dilution, extensive freezing/thawing or the use of contaminated buffers. Run positive controls to ensure that they are working properly. Use mouse bone marrow or spleen-derived cells that are known to express the proteins of interest. To avoid high background and non-specific staining, make sure that the cells are washed properly and kept at high humidity (for immunofluorescence) and that the antibodies are diluted as instructed. Use the same concentration and dilution for the isotype control antibody and the primary antibody to accurately determine the background level in the sample. For esterase cytochemistry experiments, the reagents can be tested by using positive and negative control slides containing purified mouse splenic granulocytic (Ly6G + ) and monocytic (CD115 + ) cells.
The procedure described in this study showed that many of the leukemic features observed in mice after the injection of C1498 cells shared common hallmarks with human acute myelomonocytic leukemia 11, 12 . The invaded leukemic cells resulted in a reduction of mature and immature (progenitors and precursors) medullary hematopoietic cells. C1498 cells are present at high frequency (> 20%) in the peripheral blood, as are monocytic cells. Hepatomegaly and splenomegaly were observed to result from the infiltration of leukemic cells, and significant increases in B lymphocytes and myeloid cells were also observed to accompany splenomegaly. Thrombopenia was also observed when blood platelets numbers were estimated using a hematology analyzer.
It was shown, using in vitro experiments, that C1498 cells inhibit normal murine hematopoiesis by secreting soluble factors 13 . In several tumor mouse models, immature myeloid cells (including monocytic and granulocytic cells) have also been shown to migrate from the bone marrow to the spleen, where they inhibit anti-tumor specific T cell activation and proliferation 14 . Thus, the reduction in hematopoietic cells that was observed in the bone marrow could have resulted from either a deficiency in hematopoiesis and/or from their emigration. This latter mechanism could explain the presence of monocytosis in the peripheral blood or the observation of enlarged myeloid fractions in the spleen. It is also conceivable that these cells could have been derived from improved splenic hematopoiesis. Indeed, under steady-state conditions, some subsets of splenic B cells were identified as precursors of mature B lymphocytes 15 . Moreover, under inflammatory conditions, medullary stem and progenitors cells have been shown to relocate to the spleen to induce the production of mature monocytes 16 . This protocol does not allow us to draw conclusions regarding the mechanisms that are involved in the development of leukemia, and additional functional as well as molecular assays should be employed to do so. However, these data include detailed information about the clinical features of acute myelomonocytic leukemia and will help researchers to evaluate and understand the effects of new therapeutic agents.
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